
ideas 



BJited by Bill Travis ami Anne Watson Swager 



Access odd memory locations without hardware 

Sorin Zarnescu, NEC Electronics^ Santa Clara, CA 



s 



OME »fSC CONTROLLER'S, Ijke ths I 

NEC V850 family, use an in- j Ffjof* i 



'ternal 32-bit architecture 
with an external 16-bit bus. The archi- 
tecture also allows interfaces with 8-bit 
rnem-ories. How«ver, with 8-bit memo- 
ries, accesses to and from odd locations 
automatically access the higher-order 
byte. Thus, you would need external 
transceivers to access both even and odd 
tecatlfms. However, you can "trick* the 
processor and thereby save the space and 
cost associated with the external trans- 
ceivers. Like everything else in life, the 
method doesn't come free—the price you 
piSy is exircution time. 

The idea (Figure 1) is fairly simple: 
Connect the memory data bus to the 
least-significant bit (DO to D7) of the )xC. 
Then, connect the memory-address bus 
to the fiC without using AO, so that the 
memory never sees an odd address. Thus, 
addressing the memory generates only 
even addresses. At first glance, the 
method might seem wasteful, because 
thf memory occupies f^sTce the space it 
needs, but with large memory spaces 
available (the V850 family can address as 
much as 16 Mbytes), the wastage should 
not present a problem. As an example. 
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st.b 


£2,0[ri|; 


00 — > 0x100 








shr 


8 , r2 


shift 10 into 


the 


least 


significant byte 


st.b 


r2, 2 [il] ; 


10 --> 0x101 








shr 


8 , r2 


shift 20 into 


the 


least 


significant byte 


st.b 


r2;4[rl]; 


20 --> 0x102 








shr 


8,r2 


shift 30 into 


the 


least 


significant byte 


st.b 




3D 0x163 







suppose register r2 contains the follow- 
ing data that you should store in a lkX8 
rfientory, starting at address 0x100; 



0x101 
0x102 
0x103 



10 

20 



Most 

significant 
byte 

m 



Least 
10 00 



After storing is complete, the memory 
resembles the follo^ving: 
Address Data 



0x100 



m 



Assuming (rl)=OxlOO, the sample 
program in Listing 1 arranges the stor- 
age operation. The tradeoff between ex- 
tra hardware and longer execution time 
depends on the application's require- 
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Charge indicator gauges iead-acid batteries 

Fran Hojjart, Linear Technolo^ Corp, MilpUas, CA 



ALTMOOGH RECHARGEABLE, 
sealed lead-acid cells are 
uncommon in portable 
applications, they are a good choice 
for standby applications, such as 
emergency lighting and burglar 
alarms. A key advantage to using 
these batteries is that you can deter- 
mine the amount of remaining 
charge by measuring the open-circuit 
voltage. This technique is invalid for 
NiCd or NiMH cells. Figure 1 shows 
the relationship between the amount 
of remaining charge versus the open- 
cifcuit battery voltage. This curve is 
accurate to approximately 10%, pro- 
vided that you have not charged or 
discharged the battery for at least 24 
hcftirs. A simple circuit measures the 
apec-circuit voltage, such as the ex- 




60 *0 20- 



The curve of remaining charge versus open-circuit bat- 
tery vottage for a sealed lead-acid battery is accurate to 
approximately 10%, if you haven't charged im if^ 
charged the battery for at least 24 houn. 



pa nded -scale voLtmet«f circuit in 
Figure 2, whleh fcilixwfg th« &tew in 
Figure 1. 

Sealed lead-acid batteries are evail- 
able in several sizes, from a single D 
size (2,5 Ahr) to multicell rectangu- 
lar battery packs. These cells can pro- 
vide high output currents and years 
of reliable backup power. Other de- 
sirable features include relatively 
simple charge requirements and low 
self-discharge. The low self-discharge 
and ease of determining the remain- 
ing charge make sealed lead-acid bat- 
teries an ideal choice for flashlights 
and portable lighting. The !ow self- 
discharge, which is approximately 
5% per month at 25°C, means that a 
rechargeable flashlight using sealed 
lead-acid cells will still have usable 
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NOTES: USE 1% RESISTORS FOR STABILITY. 

FOR Ri, SELECT A 16.2-kfi RESISTOR THAT MEASURES HIGH. 

THE VALUE OF R5 VARIES Vi/ITH DtEFERENT METER MQVEMENTa. 

WH£H USJNS TH£ C*TIOI<tftt, A{5C QUmiT mOJiJ, eWAflSefi* TD «KJJ^ 



To measure a sealed lead-acid battery's open-circuit voltage, an expanded-scaie voltmetv iftioi psf «i op MP wrf tibgtum If |ffa«Ue tlM HMK^ 
sary gain and offset to drive an analog or digital-panel meter, or optionally an ADC 
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capacity of approximately 30% after one 
year of inactivity. NiCd and NiMH cells 
lose approximately 30% of their charge 
per month. A flashlight using NiCd cells 
requires a trickle charge when not in use 
to ensure reliable power when necessary. 
Without trickle charging, NiCd cells will 
completely discharge after three to faur 
months of inactivity. 

With the range switch in Figure 1 in 
the one-cell position, the panel meter 
doesn't move until the input voltage ex- 
ceeds 1 .930V. Full scale corresponds to an 
input voltage of 2. 1 30V. The op amp and 
reference provide the gain and offset for 
driving a digital panel meter, an ADC, or 
an analog meter with the meter scale cal- 
ibrated from to 100% of remaining 
charge. A rotary switch allows you to use 
xh-e mt'fer circuit with multicell battery 
packs containing one to six cells. You can 
measure other cell quantities by selecting 
the appropriate resistor divider values. 

The circuit configures the op-amp sec- 
fen of TC|, vAicJj also indude-s an un- 
used comparator, as an inverting gain-of- 
five amplifier. This configuration pro- 
duces a l.OOOV change at the output for 
a 200-mV change at the input. The neg- 
ative terminal of the battery connects to 
the op amp's inverting input resistor. To 
accomplish the 1.930V offset, IC^'s inter- 
nal 1.200V reference, R^, and R, gener- 
ate a current that f]ows into the op amp's 
HHnRiifig node(j*iB,2). Theop-«fnf3 out- 
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Nominal voltage (V)% 




50% 


100% 
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2 


1.93 


2.03 


3.T3 










6.09 


6.39 


1 




ft. - . 




8.12 


a,S2 





put drives a standard 50-(xA analog pan- 
el meter with a scale from to 100%. You 
can also use a IV full-scale digital panel 
meter or an ADC (Figure 2). The 8-bit 
ADC, ICj, uses the 1 .2V reference voltage 
of IC| for the ADC reference, giving a 
full-scale output (8 bits) for a 1.2V input. 
If you use rtic ADC, the op amp's gain 
must increase from 5 to 6 to provide an 
output of 1.2V from the op amp for a 
200-mV change at the input. To make 
this change, you simply increase the val- 
ue of Rj to 600 kn. You can also use ana- 
log meters ranging from 100 ixA to 1 mA, 
if you reduce the values of R. and R,^. 

Calibrating the circuit requires an ad- 
justable voltage source, preferably with 
coarse and fine voltage adjustment and 
a digital voltmeter. With three AA cells 
for power and the range switch in the 
one-cell position, apply a precise 
-2.130V to the input at point A. Con- 
nect a DViM to the op amp output (Pin 
1 ) and adjust for a 1 .OOOV reading on 
the DVM. Next, adjust R^^ for a full-scale 
reading, 100%, on the analog meter. De- 
creasing the voltage source by 100 mV to 
- 2.030V should drop ttie D'/M re^dinf 



to 500 mV and drop the analog meter to 
midscale, or 50%. Dropping the voltage 
source an additional 100 mV to 
— 1 .930V results in a DVM reading near 
OV and a corresponding meter indication 
of 0%. Because of minor resistor and off- 
set-voltage errors, the output may not ex- 
actly equal V, but may be a few mV pos- 
itive. For this application, this value is 
more than adequate. Resistor values of 
1% provide the best accuracy and stabil- 
ity, but you can use a standard 16.2-kfl 
10% resistor that measures approsi- 
mately lOOX) high for R^. You can me 
Table 1 to verify other ranges. 

The circuit does not require a power 
switch because the op-amp section of the 
circuit draws extremely low cpjiescenl 
current ( 12 p-A). Battery life should equal 
the shelf life of the battery, which is sev- 
eral years. The op amp's input also in- 
cludes overvoltage and reverse-voltage 
protection. (Dl #2359) 
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Use derivatives to catch RF calibration errors 

Sieve?! C Hageman, Hewlett-Packard Co, Santa Rosa, CA 



Nj ANY RF-SYSTEM CALIBRATIONS in- 
I volve checking for minimum pow- 
ler available or removing system 
offsets. One example is the checking of an 
RF source's output power. The tpA^m 
specifications may cali for a minimum 
source power minus any cabling power 
loss, but a typical source may be able to 
provide more power than the manufac- 
turer specifo, M thft raLmmum. Tb min- 



imize the system cost, it is best to set the 
test-line limit to the minimum power 
plus a suitable instrumentatictfl uiictr- 
tainty (Reference 1). 

This simplistic test may not catdi all of 
the possible system problems. Loose RF 
connections or bad cables may result in 
power holes. Although these power holes 
may not always be deep enough to drop 
the pcjwcr below the, fp*£ijfkd jimifl*um 



test limit, no one wants to ship a system 
with a loose RF connection, or worse. 
Trained personnel may catch such a 
problem if they view it graphically, but 
this sort of test is very hard to quantify. 

A better way to detect problems is to 
differentiate the data and place limits on 
the data's rate of change. This method is 
a surefire way to test for system problems 
timt doa't show up m tlie EiiDlmum* 
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power test. You can apply this technique 
to a large class of RF test and calibration 
issues, primarily the removal of 
systern offsets during calibration. 
Many systems function properly with 
large offsets because calibration removes 
these offsets. However, the data usually 
has t)'pical mismatch ripple effects over 
frequency, which cause the offset value to 
change as the frequency changes. If the 
offset ripple is too great or changes with 
frequency at a large rate, the stability of 
the calibration may be in jeopardy; a 
small change in the location of the ripple 
frequency may cause a large change in 
calibration offset data. By looking at the 
derivative data of the calibration, you can 
view the rgtsr rf d»ang® af tft< offset. 
Wlien the rate of change reaches a certain 
level, the test alerts you, thereby the test 
is less subjective. 

Assuming that your test is computer- 
controJled, you should be able to easily 
access the test data. You can apply the for- 
ward difference equation to the test data 
to find the first d*ti^tivc (jg fJ^Wt-fef * 
point basis: 



Figure I 



□ 



F(x + Ax)-F(x2 
Ax 



Figure la shows the results of a suc- 
cessful minimum-power test. The pow- 
er is well above the — 2-dBm limit and 
£3 weli-behaved. The derivative data is 
also small. Figure lb shows the same sys- 
tem when a connector is loose. In this 
case, the minimum power data is above 
tlic specification but is not well-behaved; 
in fiact, a povOT ho-k appears. The power 
hole does not cause a failure in the min- 
imum specified power, but remains a 
cause for concern for three reasons: 

• a power hole results when a system 
problem in unstable with time, tern- 
perature, or shipping; 

• as the loose connection moves, the 
null frequency may move in fre- 
quency, rendering fiiswqucnt ciali- 
brations useless; 

• only a trained eye can determine 
from the plot that there is a failure. 

You cannot determine the failure by 
iixnply looking at a pass/ fail result. How- 
cvsf, the derivative data from the power 
hole can genertte a hard-fiul iudicatioa. 




(a) 



1 1 r^n^ 1 T J ■ I 

l.U 1.23 1.34 IM ^,68 1,S IM> 2M Z.U 2J5 




I n I I I I I I 1 1^ 

1.11 1.23 1.34 1.45 1.57 1.68 1.8 1.91 2.02 2.14 2.25 



In a wethbehaved system (a), both the power data and its dMnAve are alMnw Ac - Z'Ab ImIL 
Tissis of the same system with a loose connector (b) diow tiiat the power curve sti ibtyit|^ 
below — 2 dBm, but the derivative data indicates the existence of a power hole. 



The derivative of the data in Figure lb is 
10 times the derivative data in Figure la. 
If you set the pass/ fail criteria for the de- 
rivative data at 5 dB/Ax, the data from 
Figure la easily passes, and the data from 
Figure lb fails. 

Ycru can use a small statistical base of 
measurements on dififerent systems to set 
a qualified, statistical three-sigma limit 
on the derivative data. This limit will be 
insensitive to offset magnitude but will 
show point-to-point rate of change. Us- 
ing the derivative data limits and the 
minimum power limits together will 



eliminate any chance of shipping an im- 
properly functioning syftetft » a cxis- 
tmmx. (DI #2360) 

Reference 

1. Application Note AN64-1, "Funda- 
mentals of RF and Microwave Power 
IVleasurements," Hewlett -Packard Co, 
Palo Alto, GA. 
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ixC-based circuit performs frequency multiplication 

Yongping Xia, Teldata Inc, Los A7tgeles, CA 



THE TRADITIONAL FREQUENCY ITlulti- 
plKT requires many elements: a phase 
comparator *o detect the phase error 
betwm the input and the output signals, 



to a dc control signal, a VCO to generate 
the output, and a divider to set up the 
multiple ratio. The circuit in Figure 1 
uses a different approach tQ multiply fre- 
qijeocy wkh » pTD|fiiiim*blt rouhipk 



ratio from I to 7 (Table 1). Because the 
circuit is edge-triggered, the 50% output 
duty cycle is independent of the duty cy- 
cle of the input waveform. Test result? 
•how diflt the autpu.t frcqMCicf-r«ri!ge is 



LISTING 1 -FREQUENCY-MULTIPLIER CODE 



device AT90S1200 



cnt overflow: 



breq 
Inc 

cp 

brio 
=P 

brio 

sec 

rol 

rol 

brec 

Idi 
Idi 
r jmp 

add 

breq 

add 

brcc 

inc 

breq 



aext_2 

wwna, 

pulse 

nuinber^ 
dec_cnt 

inc_cnt 

cnt_l 
cnt_2 
ist_tjut 

cnt_l, 
cnt_2, 
int_out 

cnt_2 , 

inc_l 

Gnt_l, 

inc_l 

crifc_2 

cnt ovftrflaw 



Inc 

brne 

inc 

breq 

rjmp 



int^owe 
cnt_2 

cnt_5rver jEUlIf 
inc out 



.def 


crit 




=rl5 




. def 


temp ] 




=rl7 




.4*f 


t«mp__2 




=rl» 


•f 


.def 


temp_3 




= riS 




.def 


temp ^ 




=r2 




.def 


temp 5 




= r21 




.def 


temp 6 




=r22 




.<!«( 


number 


-r2J 




.rfer 


pulse 




=r24 




.def 


delay _ 


1 


=r25 




.def 


delaf_ 


2 


= r26 




• def 


cnt_l 




=r27 




.dcf 


cnc_2 




-c26 


1 


reset : 














iveiz 






int: 












L& 


temp 


4, 


PINB ; 




anatl 


temp 


"4, 


$07 ; 




mov 


tismp 


"5, 


temp_4 ; 




.ITIOV 


temp_ 


'9, 






lil 


temp 


"5 






lur 


temp 


"6 








temp 


2, 


$0 






number^ 


temp 4; 




bene 


next 


1 






Idi 


temp 


"2, 


$1 ; 


««At 1 : 












dec 


temp 


2 





tftap_4 



ifff 



t«np_3 

cnt 2 



cp 

brio 

add 

br»q 

brcs 



numner, 

half_cnt 

cnt_2, 

d»c_l 

mt_l, 

cd1;~2 , 

cnt underflow 



Mil -nut it 



cemp_o 
teiTip_3 
ait_2 
Si 



subi 


cntl. 




$1 




brcc 


int out 








aubi 


cnt 2, 




$1 




brcc 


int out 
















; 




cnt 1 








idi 


cnt 2f 




«ia 




Idi 


number , 








rjmp 


loop 1 








clc 










ror 


cnt_2 








ra* 


<at_i 








cjnp 


iRt^ttrt 








aer 


t#<ff|B 1 








out 


POHTB, 




temp_ 


1; 


out 


PORTD, 




temp 


]l; 


Idi 


temp 1, 




SO 




out 


DDRB, 




temp 


1; 


Idi 


t emp 1 , 




SI 




out 


DDRD, 




temp 


1; 


Idi 


delay_l. 


$f£ 






ld.t 


delays, 


Sff 






Idi 


terap^l , 




$40 






StIfSK, 




t««)p 


.1; 


idi 


tWK> 1, 




SI 


1 


out 


MCUCR, 




temp 


1; 


Idi 


pulse. 




50 




Idi 


number, 




$0 




Idi 


temp 3 , 




SO 




in 


temp 4 , 




PINB 




andi 


temp 4 , 




SOT 




mov 


temp 5, 




ten^_ 




Inov 


teir^^B, 






1«1 


tefflp_5 








lar 


t«np_4 








Sei 










mov 


cielay_l. 


cnt_l 






mov 


delay 2, 


cnt 2 






subi 


delay_l, 


$1 






brcc 


loop_2 








subi 


delay 2, 








brcc 


loop 2 








cli 










out 


PORTD, 




pulse 




inc 


pulse 








sbrs 


pulse, 




30 




inc 


number 










loop 1 






r 



»nai»#» loop 



<i»l»y l,oi»p 



•end oEiCirut 
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from 31 Hz to greater than 30 kHz. 

The AT90S1200 is a low-cost; 
high-speed puC, and most instruc- 



tions need only one dock cycle. With a 
12 -MHz clock, these instructions take 
83,3 nsec. This number places the high 
Hmit on the input frequency because 
software performs all functions. The pro- 
gram in Listing 1 includes am endless 
loop to generate a square-wave output. 
The frequency of the output depends on 
the value of a 16-bit delay register that 
comprises two 8-bit registers: dly_l and 
dly_2. The delay function is a countdown 
loop until it reaches zero. The larger the 
number in the delay register, the longer 
the delay time. The functions of the end- 
less loop and the delay register are anal- 
ogous to a VCO. 

The AT90S1200 has an 8 -bit counter 
whose input is the output signal. Because 
this counter is an up counter, the pro- 
grammable multiple ratio loads into the 
counter in the I's cafftplemertt format. 
For instance, if the multiply ratio is four, 
the software loads that counter with Oxfc. 
Secause th^ initial valtie of the cwoter 
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12 MHz 



INPUT O- 



22 pF 



^ 22 pF 



10 



RESET 

PDO 

PDl 

XTAL2 

XTALl 

PD2 

PD3 

PD4 

PD5 

GNp 



Vcc 
PB7 
PB6 

PBS 
PB4 
PB3 
PB2 
PBl 
PBO 
PD6 



A simple }iC-baseii circuit can multiply frequency by 1 to 7. 
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16 



15 
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1 










is Oxfc, four output pulses cause the 
eofititcr to overflew, which generaiss an 
interrupt. The function of this counter 
is analogous to the divider in a traditional 
frequency -oiulJiplier. 

Every rising edge of 
the input signal also 
generates an interrupt. 
Thus, the interrupt 
subroutine must iden- 
tify the events that trig- 
ger thi§ interrupts, {f 
the input causes the in- 
terrupt, the frequency 
of the output is too 
low. If the counter trig- 



gers the interrupt, the output frequency 
is -fod high. In both situations, the soft- 
ware must adjust tiie value of the delay 
register accordingly. The interruption 
subroutine is aaaJscgOfWi ffl % phaie asm' 
parator. 

Listing 1 is available for dovvTiloadmg 
from SDN's Web site, www.ednmag.com. 
Click on "Search Databases" and then en- 
ter the Software Crater to devrnfasgd' Bbe 
file Dl #2362. 
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Kick start a crystal oscillator in 

Ai^M €km, Cyprm Semiconductor, WoodinvUle, WA 



STARTING UP OSCILLATOJI CIlPClHt* 
and getting them to maintain oscil- 
lation in a Spice simulation is diffi- 
cult. Some high-frequency crystal cir- 
cuits require days for the oscillation to 
T^ach steady state. Thus, most designers 
separate the crystal's circuit simulation 
frQva the test of the system design. How- 
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set* Lin 






ti 


Jttalxi 


1 


9.076mH 


Cl 


xtalout 


3 


13. 613f 


Rl 


1 


2 


25 


Vsin 


2 


3 


sin(0 0.7k 14.318Meg O.ln 8e+6 0) 



wvrm/MntTmg.sam 
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NOTES: 

RUEQUIVALENT RESISTANCE. 
L1=EQUIVALENT INDUCTANCE. 
C1=£QUIVALENT CAPACITANCE. 
C*4W>l£ft EUCTBOCE CAPACITHNCE. 
Vi=E«HT£D SlNUSQiOAL WLTASE SOURCE:. 



evet, a technique that gives aj 

"kick' to an RLC equiva- ' " , 

lent circuit solves this "f"* ' 1 QUARTZ CRYSTAL 
problem. This method makes ^U' 
sure the simulation starts fast and 
quickly reaches the steady state, 

Pigare la shows the equivaietit 
RLC circuit of a quartz crystal. 
Most clock chips, such as Cypress 
Semiconductor's (www.cypress. 
com) CY227x and CY228x fami- 
lies, ha\^e a crj'Stal circuit similar 
to Figure lb. The circuit com- 
prises the crystal, an inverter/gain 
block, and a feedback network. 

Conventionally, Spice uses an 
initial condition for the RLC res- 
onator, such as setting the induc- 
tor initial current to a certain val- ' 
ue, to start the simulation. The 
reference frequency of the most cofrimon 
clock chips is 14.1318 MHz. The r- 
simulation takes a least a day to 
reach constant oscillation amplitude be- 
cause high-Q resonators require long pe- 
riods of time to reach a certain energy 
level. 

The key to quickly starting this type of 
oscillator is giving a kick to the RLC 
equivalent circuit in the form of a high- 
voltiAge damped sinusoid that ultimately 
fades away. The frequency of this excita- 
tion is the expected frequency of the res- 
onator. The source looks like a short cir- 
cuit in the RLC circuit and does not alter 
a.ny of the circuit's dc- bias conditions, 
figure 2 shcr\*s the simulation input/out- 
put waveforms, and Figure 3 shows the 
excited sinusoidal voltage. The excited i 

voltage J* in the kV range because i 

the volta^ acfD,ss LI and Cit are Figure I 



<>-~o 



QUAfiTZ CRmAL 

— hDi 



Rf 



xtalin ^>v^ 



xtalout 



A2 



CH3T 




CD) 



NOTES: 

C*=Cb=34 pF, RfcIMA, 
QUARTZ CRYSrAt.=14,ai8mt, 
41, « GMCS INVeST^iR. 



a, and inner electrode capacitaffiK, C& to aMim to On s^itel A>dt ^ i 0k )(i o^ m.imllmHsMiiMi 
and a feedback network (b). 



Figure 2 
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0.0000006 0.0000008 0.000001 



TIME (SEC) 



The crystal circuit's simulation waveforms resell steady state in approximately Q J yset. 



in kV range when thcLC tank is oscillat- 
ing, 

For a 14.31 8-MHz crystal, the equiva- 
lent circuit has Co=4 pF, Cl = 13,613 pF, 
Li-9.076 juH, aad Rl=250. The excited 
TOHage soture is a simple Spice sinu- 
soidal voltage source, Vsin in Listing 1. 
The Vsin statement includes the damp- 
il^ftct&r, (Dlff2357) 
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An excited voltage source in the RLC circuit ensures oscillation startup and then quickly fades 
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